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(57) ABSTRACT 

A method for obtaining an immunogenic strain useful for 
producing a vaccine against Coccidiosis comprises the cycle 
of infecting at least one ?rst group of speci?c pathogen-free 
donor birds With oocysts from an Eimeria species. Blood is 
then collected from these donor birds, and is then used to 
infect a second group of speci?c pathogen-free birds. 
Oocysts are collected from the second group of birds. These 
oocysts are then rnultiplicated to complete the cycle. The 
cycle is then repeated using the rnultiplicated oocysts. After 
a total of about three cycles, a ?nal antigen may be harvested 
and utilized as a source to generate oocysts for a vaccine. 
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SELECTION OF POULTRY EIMERIA STRAINS 
THROUGH EXTRA-INTESTINAL SPOROZOITES 

FIELD OF THE INVENTION 

[0001] The present invention relates to a poultry vaccine, 
and more particularly, to a novel vaccine against Coccidi 
osis. The invention also relates to neWly developed strains of 
Eimeria species With strong immunogenic properties and 
loW pathogenicity Which are useful in producing oocysts for 
anti-coccidia vaccines. In addition, the invention is directed 
to novel methods of obtaining attenuated strains of Eimeria 
species Which are useful in formulating vaccines against 
Coccidiosis. 

BACKGROUND OF THE INVENTION 

[0002] Cocciodiosis is an avian disease caused by infec 
tion With one or more of the many species of coccidia, Which 
are intracellular protoZoal parasites of the subphylum Api 
complexa and the genus Eimeria. Cocciodiosis is knoWn to 
be caused by several different species of Eimeria, namely 
Eimeria acervulina, E. maximal, E. tenella, E. necatrix, E. 
brunetti, E. mitis, E. praecox, and possibly E. mivati and E. 
hagani. The species do differ in their pathogenic effect on 
birds, With the type of birds also playing a role. Thus, a 
broiler chicken Will be subjected to a great deal of damage 
by a parasite such as E. acervulina because it infects large 
portions of the small intestine, Where food digestion plays a 
major role. 

[0003] During its life cycle, the Eimeria parasite passes 
through a number of stages. The life cycle begins When the 
chicken ingests the infectious stage, knoWn as the sporulat 
ing oocyst, during ground feeding or by inhalation of dust. 
The Wall of the sporulated oocyst is ruptured by the 
mechanical action in the giZZard and intestinal tract, result 
ing in the release of four sporocysts. The sporocysts pass 
into the duodenum Where they are exposed to bile and 
digestive enZymes resulting in the release of an average of 
tWo sporoZoites per sporocyst. 

[0004] The sporoZoites are mobile and search for suitable 
host epithelium cells in order to penetrate and reproduce in 
them. FolloWing infection of an epithelium cell, the parasite 
enters the schiZont phase of its life cycle, producing from 8 
to 16 to greater than 200 meroZoites per schiZont. Once 
released from the schiZont, the meroZoites are free to infect 
further epithelium. After from tWo to ?ve of these asexual 
reproduction cycles, the intracellular meroZoites groW into 
sexual forms knoWn as the female or macrogametocyte and 
the male or microgametocyte. FolloWing fertiliZation of the 
macrogametocyte by the microgametes released from the 
microgametocyte, a Zygote is formed Which creates a cyst 
Wall about itself. The neWly formed oocyst is passed out of 
the infected chicken With the droppings. 

[0005] With the correct environmental conditions of tem 
perature and humidity and sufficient oxygen in the air, the 
oocyst Will sporulate into the infectious stage, ready to infect 
a neW host and thereby spread the disease. Thus, no inter 
mediate host is required for transfer of the parasite from bird 
to bird. 

[0006] The result of the Eimeria parasite infecting the 
digestive tract of a bird may be a reduction in Weight gain, 
decreased feed conversion, cessation of egg production and, 
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in some cases, death. The increase in intensive production of 
poultry has been accompanied by severe losses due to this 
parasite. It is estimated that losses in the United States and 
Europe exceed several hundred million dollars annually. 

[0007] Several attempts have noW been made to control 
Coccidiosis. Prior to the advent of chemotherapeutic agents, 
improved sanitation using disinfectants, together With 
mechanical removal of litter, Were the main methods 
employed. In addition, the introduction of coccidiostatic 
agents in the feed or drinking Water, along With good 
management practices, has resulted in some success at 
disease control. HoWever, such agents have been found to 
suffer from a drop in effectiveness over the years, due partly 
to the development of drug resistant strains of coccidia. 
Furthermore, several chemotherapeutic agents have been 
found to leave residues in the meat of commercial birds, 
thereby often making it unsuitable for consumption. 

[0008] Other attempts to control the disease have been 
made immunologically. These have included the develop 
ment of live vaccines and the use of genetic engineering to 
formulate vaccines. Many of these efforts have focused on 
the use of Eimeria proteins as the active component of the 
vaccine. For example, Tomley et al. in US. Pat. Nos. 
5,885,568 and 6,001,363 propose an Eimeria protein With 
immunogenic properties, as Well as DNA sequences Which 
encode these proteins. Asimilar approach is set forth in Kok 
et al., US. Pat. No. 6,100,241. A DNA molecule having a 
particular nucleic acid sequence is set forth in AndreWs et 
al., US. Pat. Nos 4,874,705 and 5,187,080, While MeWman 
et al., US. Pat. No. 5,028,694, describes a puri?ed antigenic 
protein Which is capable of inducing an immune response in 
a chicken against Eimeria necatrix or Eimeria tenella. A 
vaccine against Coccidiosis is also described in BroWn et al., 
US. Pat. No. 6,019,985. 

[0009] What is noW needed in the art is a neW vaccine 
against Coccidiosis Which is safe, effective, easy to admin 
ister and cost efficient. Also needed are neW strains of 
Eimeria species Which can be used in eliciting an immune 
response in poultry, so as to provide suitable oocysts for a 
vaccine. Further needed are neW methods of attenuating 
strains of Eimeria so that they can be utiliZed for vaccine 
development. The art further necessitates the development 
of strains of Eimeria Whose oocysts, When incorporated into 
a vaccine, are cross-protective against a Wider sampling of 
Eimeria species. 

SUMMARY OF THE INVENTION 

[0010] It is therefore an object of the present invention to 
provide an isolated Eimeria strain Which is useful in gener 
ating oocysts for a vaccine against Coccidiosis. 

[0011] Also provided as part of the invention is a vaccine 
effective against Coccidiosis in poultry, Which comprises at 
least about 104 oocysts of attenuated Eimeria per dose, 
together With a pharmaceutically acceptable carrier. 

[0012] Further provided is a method of inoculating poultry 
against Coccidiosis, Which comprises administering to said 
poultry at least about 104 oocysts from attenuated Eimeria 
acervulina. 

[0013] The invention also provides a method for obtaining 
an immunogenic Eimeria strain Which is useful for produc 
ing oocysts for a vaccine against the poultry disease Coc 
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cidiosis, Which comprises the cycle of a) infecting at least 
one speci?c pathogen-free donor bird With oocysts from an 
Eimeria species; b) collecting blood from the donor bird; c) 
infecting at least one second speci?c pathogen-free bird With 
the blood from the donor bird; d) collecting oocysts from the 
second bird; and e) multiplicating the oocysts to substan 
tially complete the cycle. The cycle is then repeated at least 
tWo more times (at least three total) using the multiplicated 
oocysts from sub-procedure e) of the immediately proceed 
ing completed cycle. 
[0014] In a further aspect of the invention there is a 
method of attenuating one or more strains of Eimeria, Which 
comprises successively passaging the strain through at least 
three sets of speci?c pathogen-free poultry, Wherein each of 
the passages comprises at least tWo successive sets of 
inoculations. 

[0015] The invention also provides another method for 
attenuating Eimeria acervulina, Which comprises the cycle 
of: 

[0016] a) inoculating at least one ?rst group of spe 
ci?c pathogen-free donor birds With oocysts gener 
ated from virulent E. acervulina; 

[0017] b) collecting blood from this ?rst group of 
donor birds via bleeding at about 3 to about 6 hours 
post-inoculation; 

[0018] c) inoculating at least one second group of 
speci?c pathogen-free donor birds With the derived 
blood; 

[0019] d) collecting oocysts from the second group of 
birds; and 

[0020] e) multiplicating the oocysts to thereby sub 
stantially complete the cycle; and 

[0021] then repeating the cycle using the multiplicated 
oocysts from sub-procedure e), Wherein about three cycles 
are completed. 

[0022] In addition to the foregoing, the invention also 
provides oocysts derived from Eimeria species, in particular 
E. acervulina, in Which the E. acervulina has been attenu 
ated by about three cycles of passaging through speci?c 
pathogen-free poultry. 
[0023] In a further embodiment of the invention, there is 
provided a strain of Eimeria having the immunogenic char 
acteristics of the strain E. acervulina deposited With the 
European Collection of Cell Cultures under accession num 
ber 02010911. 

[0024] Also provided is a vaccine, said vaccine having the 
immunogenic response properties of a vaccine against Coc 
cidiosis Which contains an immunogeniZing amount of 
oocysts obtained from the strain of E. acervulina deposited 
With the European Collection of Cell Cultures under acces 
sion number 02010911. 

[0025] The foregoing and other features and advantages of 
the invention Will become more apparent from the detailed 
description of the preferred embodiments of the invention 
given beloW. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0026] The invention in all its embodiments hereinafter 
described is contemplated for use With all poultry. As that 
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term is used herein, “poultry” shall refer to domesticated 
birds that serve as a source of eggs or meat and shall include, 
Without limitation, such commercially important species as 
chickens, turkeys, ducks, geese, guinea foWl, pheasants, 
pigeons, peafoWl, bantam foWl and the like. 

[0027] The terms “immunogenic strain” and “antigenic 
strain” shall also be used interchangeably, and shall refer to 
one or more Whole organism(s) or fragment(s) thereof, 
including protein(s), polypeptide(s), or sequence(s) of 
amino acids, Which is/are useful in inducing or eliciting an 
immune response in an animal such as poultry. Those skilled 
in the art Will recogniZe that an immune response is gener 
ally recogniZed by the production of antibodies and/or 
cellular immunity in a host that has been eXposed to a 
particular immunogenic strain. 

[0028] In one embodiment, the invention is directed to a 
method for obtaining an immunogenic strain suitable for 
generating oocysts for use in a vaccine against Coccidiosis. 
The method involves at least about three cycles or passages 
of a species of Eimeria through donor poultry specimens to 
obtain an attenuated strain possessing a suitable immuno 
gen. Thus, the method may be utiliZed to attenuate the 
Eimeria strain, so that it is made both safe and effective for 
producing oocysts during vaccine development. 
[0029] In the ?rst cycle, the method involves inoculating 
speci?c pathogen free (SPF) donor poultry specimens, pref 
erably one or more donor chickens, With a quantity of 
oocysts from a species of Eimeria. Preferably, the species is 
a virulent species of Eimeria that produces circulating 
sporoZoites in host poultry, and is more preferably E. acer 
vulina. The eXposure dosage per unit of poultry, eg one 
bird, is Within the range of about 106 to about 108 oocysts, 
and is preferably about 1><107 oocysts. The oocysts are 
preferably sporulated prior to inoculation using methods 
available in the art. The number of donor poultry specimens 
may vary someWhat, but is usually Within the range of about 
3 to about 15 chickens, preferably about 3 to about 12 
chickens, With young, post-hatch chickens or chicks being 
preferred. 
[0030] Next, at least some of the donor chicks are bled, 
preferably at about 3 hours to about 6 hours post-inoculation 
(pi), more preferably at about 3 hours p.i. Blood collected 
from these donor chicks is then used to inoculate, preferably 
orally into the crop, another group of SPF poultry speci 
mens. Oocysts are then collected from this group of birds 
Which have been inoculated With the blood samples. These 
oocysts are preferably collected from the feces of the 
infected birds. These collected oocysts are then multipli 
cated on a further set of SPF poultry specimens. (Multipli 
cation, as the term is used in the art, increases the quantity 
and/or concentration of oocysts available.) NeXt, feces are 
gathered from these infected specimens and oocysts are 
isolated from the feces. This procedure Would complete the 
?rst passage or cycle. These oocysts, in turn, are then 
preferably used for further passages of the parasite in a 
subsequent cycle. 
[0031] A passage or cycle Would thus comprise the fol 
loWing sub-procedures: 

[0032] 1) Inoculation of blood donor birds With 
sporulated oocysts; 

[0033] 2) Collection of blood samples from the donor 
birds; 
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[0034] 3) Inoculation of fresh birds With blood 
obtained from the donor birds; 

[0035] 4) Collection of oocysts from the birds inocu 
lated With blood samples; 

[0036] 5) Multiplication of oocysts, and collection 
thereof, for use in further passages or cycles. 

[0037] In the second cycle, oocysts found in the feces after 
multiplication and collection from the ?rst cycle above are 
then used to inoculate a further set of SPF poultry speci 
mens. The oocysts are desirably sporulated. In a preferred 
embodiment, the dosage level is higher than for the ?rst 
cycle above. It is therefore desirable that about 1><107 to 
about 3><107 of the oocysts obtained from the ?rst cycle be 
used to initially inoculate the blood donor birds in the second 
cycle. Preferably, about 2><107 oocysts per dose are utiliZed 
or approximately tWice the number of oocysts per dose 
utiliZed in the ?rst cycle. After this, sub-procedures 2) 
through 5) described above are repeated on SPF poultry 
specimens in the second cycle. 

[0038] In the third cycle, oocysts gathered from the feces 
of specimens from infected poultry folloWing the second 
cycle are used to inoculate at least a third set of SPF poultry, 
for a total of three (3x) passages for the particular strain of 
Eimeria. At the start of the third cycle, it is desirable that 
about 1><107 to about 3><107 of the oocysts obtained from the 
second cycle be used to initially inoculate the blood donor 
birds in the third cycle. Preferably, about 2><107 oocysts per 
dose are utiliZed or approximately tWice the number of 
oocysts per dose than Was utiliZed in the ?rst cycle. After 
this, sub-procedures 2) through 5) described above are again 
repeated as part of the third cycle. 

[0039] Those skilled in the art may contemplate additional 
cycles or passages of the Eimeria strain oocysts through 
additional sets of SPF poultry, but this is less preferred 
herein for reasons of both cost and time. Applicants have 
discovered that it is preferred to utiliZe a total of about three 
passages or cycles as described above. 

[0040] A ?nal strain of the E. acervulina is then isolated 
after the above procedure of three cycles, Which preferably 
has been attenuated as a result thereof. The strain is obtained 
from one or more members of inoculated birds at the 
completion of the third cycle. The strain is obtained using 
isolation procedures available in the art. This strain may then 
be used as an antigen. The strain is inoculated into a further 
set of SPF poultry to generate oocysts for a vaccine. The 
oocysts are preferably obtained by harvesting them from the 
feces of the poultry exposed to the strain. They may also be 
harvested from the blood, if desired. 

[0041] A preferred strain of E. acervulina has noW been 
isolated and identi?ed as the A3C2A2 strain. It Was depos 
ited With the European Collection of Cell Cultures in Wilt 
shire SP4 0JG, United Kingdom, on Dec. 19, 2001 under 
provisional accession number 02010911 (and is available 
therefrom), and Will function as a suitable antigenic strain. 
In general, it has noW been found that oocysts generated 
from a strain of Eimeria that has been obtained according to 
the methodology herein described produce high degrees of 
immunogenicity When incorporated into a vaccine. It has 
further been found that these oocysts are also much less 
pathogenic than those generated from the original (pre 
inoculation cycling) strain of Eimeria. The oocysts gener 
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ated according to the process herein described are also 
typically more highly cross-protective, meaning that they 
offer protection against a Wider range of Eimeria species. 
Thus, a vaccine of the invention using oocysts from Eimeria, 
preferably E. acervulina, should desirably offer protection 
against at least three, and preferably at least four other 
Eimeria species, including Without limitation, E. maximal, E. 
tenella, E. necatrix and E. brunetti. 

[0042] The invention is therefore also intended to cover 
other antigenic strains, as Well as products derived there 
from, eg oocysts and vaccines containing such oocysts, 
having the characteristics of the strain of E. acervulina and 
the concomitant products obtained according to the meth 
odology herein described. 

[0043] The ?nal vaccine of the invention should contain at 
least about 104 oocysts, preferably sporulated oocysts, per 
dose in order to induce a sufficient immunogenic response in 
an animal. The vaccine may also contain a higher quantity 
of oocysts per dose, such as at least about 105 oocysts per 
dose, and a range of about 104 to about 106 oocysts per dose 
is therefore desirable. By the term “suf?cient immunogenic 
response” it is meant a response that Will be generally 
recogniZed in the art as indicating that a certain level of 
immunity against Coccidiosis has been conferred such that 
a signi?cant portion of vaccinated birds are protected against 
death, disease or depressed performance as a result of a 
challenge With virulent Eimeria. 

[0044] The vaccine herein described may be administered 
orally, subcutaneously, intradermally, intramuscularly, intra 
peritoneally, intravenously or intranasally, as Well as other 
routes of administration knoWn in the art. Of the foregoing, 
an oral route of administration is generally preferred. Thus, 
the vaccine may be administered to young poultry via their 
drinking Water, or through mass feeding, for example. The 
vaccine may be given in ovo, but is generally given to young 
animals post ovum, With those that are a feW hours to a feW 
Weeks old generally being the best candidates. Generally, 
one dose per animal is contemplated, but folloW-up boosters 
are also Within the scope of the invention. 

[0045] The vaccine of the invention is formulated With a 
pharmaceutically acceptable carrier that can include aque 
ous media, as Well as suspensions or emulsions and the like. 
The carrier can also include salts, preservatives, pH buffers, 
stabiliZers, and emulsi?ers available in the art. In addition, 
the vaccine may also contain one or more adjuvants to 
improve performance or increase activity, such as the 
immune response, and can therefore include materials such 
as oils, muramyl dipeptide, aluminum hydroxide, saponin, 
polyanions, amphipatic substances and the like. Apreferred 
quantity of pharmaceutically acceptable carrier per dose 
(including any adjuvant(s)) is therefore Within the range of 
about 0.001 to about 10 mL, With about 0.1 to about 5 mL 
being preferred, and about 0.5 to about 1 mL being even 
more desirable. 

[0046] The vaccine herein described may also contain 
other immunogenic agents of poultry. Thus, immunogens 
related to the pathogens responsible for such diseases as 
NeWcastle Disease Virus (NDV), for example, may also be 
formulated as part of the vaccine of the invention. Thus, the 
vaccine herein described may be monovalent, or may also be 
di-, tri-, tetra- or pentavalent, etc. 
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[0047] The following examples are provided to illustrate 
various preferred aspects of the invention, but should not be 
construed as limiting the scope thereof. 

EXAMPLES 

[0048] The following eXamples are provided by Way of 
illustration only, and should not be construed as limiting the 
scope of the invention. 

[0049] 

[0050] 

[0051] 
[0052] Male Arbor Acres broilers free from coccidiosis 
obtained from the commercial Arbor Acres hatchery, Putten, 
The Netherlands, Were housed in cages under isolated con 
ditions at one day of age. Part of the chicks Were used as 
donor chicks and these donor chicks Were inoculated With 
sporulated E. acervulina oocysts at 14 days of age. All donor 
birds for one passage Were housed in one cage. 

1. Materials and Methods 

1.1 Materials 

1.1.1 Chicks and Husbandry 

[0053] Donor chicks Were bled, three at a time, at 3 or 6 
hours post-inoculation (p.i.) and each separate blood sample 
Was used to inoculate three other chicks. Birds that received 
blood from one donor chick Were housed in one cage. Feces 

Were eXamined for oocysts and oocysts from selected posi 
tive samples Were used for the neXt passage. Three serial 
passages Were made to obtain the ?nal antigenic strain. 

[0054] Oocysts from selected positive samples Were mul 
tiplicated on four SPF chicks per sample before the neXt 
passage. SPF chicks Were obtained from the Animal Health 

Service, Deventer, The Netherlands, and Were group-housed 
in isolators. 

[0055] The pathogenicity of harvested oocysts after pas 
sage 1 and 3 Was determined and compared to the patho 
genicity of the original strain using 10 male Arbor Acres 
broilers free from coccidiosis per dose and four doses per 
strain, 80 birds per passage in total. Part of the chicks used 
for determination of the pathogenicity of oocysts harvested 
after passage 3 Was also used to determine the immunoge 
nicity of these oocysts after re-inoculation With the original 
strain in comparison to the immunogenicity of the original 
strain. The chicks Were group-housed in cages under isolated 
conditions. 

[0056] All birds Were housed in the animal facilities of the 
Animal Health Service, Deventer, The Netherlands, in house 
3 of Het Spelderholt located at Beekbergen, The Nether 
lands, and Were fed With food Without anti-coccidial addi 
tives. 

[0057] First Passage 

[0058] For the ?rst passage, 26 broilers Were used. Eight 
donor chicks Were inoculated With sporulated E. acervulina 
oocysts and siX donor chicks Were bled, three at a time, at 3 
and 6 hours p.i. Each of the siX separate blood samples Was 
used to inoculate three other chicks and oocysts puri?ed 
from tWo positive feces samples Were multiplicated on SPF 
chicks. The pathogenicity of one multiplicated isolate Was 
determined. Groups and number of chicks are shoWn beloW. 
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group chicks use 

D 8 donor chick 
A1, A2, A3 3 x 3 chicks inoculated With blood taken 3 hours p.i. 
B1, B2, B3 3 x 3 chicks inoculated With blood taken 6 hours p.i. 
I1, I2 2 x 4 multiplication of oocysts of tWo positive 

samples (A2 and A3) 
2 x 40 pathogenicity of ?rst passage and 

original strain 
pathogenicity 

[0059] Next Passages 

[0060] For each of the neXt tWo passages, 15 broilers Were 
used. SiX donor chicks Were inoculated With sporulated E. 
acervulina oocysts and three donor chicks Were bled at 3 
hours p.i. Each separate blood sample Was used to inoculate 
three other chicks and oocysts puri?ed from all positive 
feces samples Were multiplicated on SPF chicks. The patho 
genicity and immunogenicity of the multiplicated isolate 
after passage 3 Was determined. Groups and number of 
chicks are shoWn beloW. 

HO 

group chicks use 

D 6 donor chick 
A, B, C 3 x 3 chicks inoculated With blood taken 3 hours p.i. 
I 2 x 4 multiplication (2x) of oocysts from positive 

samples 
pathogenicity 2 x 40 pathogenicity/immunogenicity of passage 3 and 

original strain 

[0061] 1.1.2 Inocula 

[0062] E. acervulina Was originally obtained from the 
Central Veterinary Laboratory, Weybridge, UK, and Was 
passaged at the Animal Health Service, Deventer, The 
Netherlands. For the ?rst passage of eXtra-intestinal sporo 
Zoites, a suspension in saline containing 107 sporulated E. 
acervulina oocysts per ml Was prepared. For the neXt tWo 
passages, suspensions in saline containing 2X107 sporulated 
E. acervulina oocysts per ml obtained after multiplication of 
the previous passage Were prepared. 

[0063] 1.2 Methods 

[0064] 1.2.1Inoculations 

[0065] Donor chicks Were inoculated orally into the crop 
With 107 (1st passage) or 2><107 (next passages) sporulated E. 
acervulina oocysts in 1 ml saline per chick at 14 days of age. 
The chicks Were deprived from food during 12 hours before 
inoculation. Part of the donor chicks Were bled by heart 
punction, three at a time, at 3 or 6 hours p.i. Blood Was 
collected in 10 ml hepariniZed tubes, containing 15 IE 
lithium-heparine per ml blood (Sarstedt, Etten-Leur). The 
chicks Were anaesthetiZed by intramuscular injection of 
XylaZine (Rompun, 5 mg/kg body Weight) and ketamine (25 
mg/kg body Weight), obtained from AUV, Cuijck, The 
Netherlands. 

[0066] Each separate blood sample Was used to inoculate 
three other chicks orally into the crop With 3 ml hepariniZed 
blood per chick at 14 days of age. Ten minutes before 
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inoculation, the birds received orally 1 ml of an alkaline 
suspension composed of 10 Rennie tablets obtained from a 
commercial druggist’s shop, containing 680 mg calcium 
carbonate and 80 mg magnesium carbonate per tablet, 
suspended in 20 ml tap Water. 

[0067] 1.2.2 Isolation of Oocysts 

[0068] Feces from remaining donor birds and birds inocu 
lated With blood Were collected per cage and per 24 hours at 
days 3 through 6 or 7 pi. and oocysts Were counted as 
described beloW. Oocysts Were puri?ed from collected feces 
if oocyst counts Were positive using a salt ?otation tech 
nique. After puri?cation, the isolated oocysts Were sus 
pended in a 2% (W/v) solution of potassium bichromate and 
the suspensions Were aerated by air bubbles using common 
aquarium techniques for 48 hours at 29° C. to induce 
sporulation of the oocysts. Thereafter, oocysts in the sus 
pensions Were counted. 

[0069] Sporulated oocysts Were multiplicated on four SPF 
birds per sample. At siX days of age, SPF birds Were 
inoculated orally into the crop With 3 ml sporulated oocysts 
obtained from feces samples. Feces from SPF birds Was 
collected per cage at days 4 through 6 pi. and oocysts Were 
puri?ed from the feces and counted. 

[0070] For multiplication after passage 1, birds in groups 
I1 and I2 received oocysts isolated from feces samples A2 
and A3, containing 10,000 and 45,000 oocysts in total, 
respectively. Isolates obtained after the neXt passages Were 
multiplicated tWice because of the loW number of oocysts in 
the isolates. 

[0071] 1.2.3 Counting Oocysts in Feces 

[0072] About 25 fresh droppings Were collected per cage 
and a maXimum of 100 g feces Was Weighed, suspended in 
a 10% (W/v) solution of sodium chloride (density=1.1) and 
miXed until homogeneous. Aliquots of 1 ml of suspended 
feces Were miXed in 9 ml of a saturated solution of sodium 
chloride. Oocysts Were counted in triplicate samples of the 
diluted suspended feces using a counting chamber according 
to HaWkley and the number of oocysts per gram feces Was 
calculated. 

[0073] 1.2.4 Pathogenicity 

[0074] The pathogenicity of oocysts after passage 1 and 3 
Was determined and compared to the pathogenicity of the 
original strain using 10 broilers per dose and four doses per 
sample. Dosages of 103, 104, 105 and 106 sporulated oocysts 
per bird Were inoculated orally at 8 days of age. The chicks 
Were group-housed in cages. Feces Was collected per cage at 
days 4 through 6 or 7 pi. and oocysts in the feces Were 
counted as described above. At 6 days p.i., birds Were 
euthaniZed by electrocution. All euthaniZed birds Were 
autopsied and lesions of the intestines Were scored according 
to Johnson and Reid 

[0075] For determination of the pathogenicity of oocysts 
harvested after passage 1, all birds Were euthaniZed at 6 days 
pi. and Weighed. For determination of the pathogenicity of 
oocysts harvested after passage 3, ?ve birds of each group 
Were euthaniZed at 6 days pi. and the remaining birds Were 
used to determine the immunogenicity. Feces Was collected 
per cage from 10 birds per cage at days 4 through 6 and from 
5 birds per cage on day 7 pi. 
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[0076] 1.2.5 Immunogenicity 

[0077] The immunogenicity of harvested oocysts after 
passage 3 Was determined and compared to the immunoge 
nicity of the original strain using ?ve broilers of each group 
used for the determination of pathogenicity. All birds Were 
Weighed and re-inoculated orally With 105 sporulated 
oocysts of the original strain per bird at 9 days p.i. Feces Was 
collected per cage at days 4 through 6 pi. and oocysts in the 
feces Were counted as described above. At 6 days after 
re-inoculation, all birds Were euthaniZed by electrocution 
and Weighed. All birds Were autopsied and lesions of the 
intestines Were scored as described above. 

[0078] 2. Results 

[0079] 2.1 Isolation of Oocysts 

[0080] First Passage 

[0081] No oocysts Were found in the feces of inoculated 
chicks at 3 days p.i. Oocysts Were found in the feces of birds 
inoculated With blood obtained from donor birds at 3 hours 
p.i. rather than in the feces of birds inoculated With blood 
obtained at 6 hours p.i. All feces samples of groups A2 and 
A3 Were positive for oocysts at 5 days pi. and oocysts Were 
puri?ed from feces of these groups. After sporulation, the 
folloWing samples Were obtained: 

group oocysts/ml total volume (ml) 

A2 3,000 25 
A3 15,000 25 

[0082] Oocysts harvested from groups A2 and A3 Were 
multiplicated in SPF birds. After multiplication, oocysts in 
the feces of birds that received oocysts isolated from group 
A2 had shrunken and viability of these oocysts Was not clear. 
From birds of group I2 that received oocysts isolated from 
group A3, 500 ml containing 290,000.oocysts per ml Was 
harvested and the pathogenicity of these oocysts Was deter 
mined. 

[0083] Second Passage 

[0084] One feces sample of group C Was positive for 
oocysts at 5 and 6 days pi. and oocysts Were puri?ed from 
feces collected on these days. The isolate called A3C2 
contained a loW number of oocysts and oocysts Were mul 
tiplicated in SPF birds. After multiplication, 24><106 oocysts 
Were harvested and these oocysts Were multiplicated once 
again in SPF birds. 

[0085] Third Passage 

[0086] One feces sample of group A Was positive for 
oocysts at 5 days pi. and oocysts Were puri?ed from the 
feces. The isolate called A3C2A2 contained a loW number of 
oocysts and oocysts Were multiplicated tWice in SPF birds. 
After multiplication, oocysts Were harvested and pathoge 
nicity and immunogenicity of these oocysts Was determined 

[0087] 2.2 Pathogenicity 

[0088] The pathogenicity of oocysts harvested after pas 
sages 1 and 3 Was determined. The results are summariZed 
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in Tables 1 and 2. After passage 1, no clear differences in 
mean body Weight, mean lesion score or number of oocysts 
per gram feces Were observed. 

TABLE 1 

Pathogenicity after ?rst passage. 

pathogenicity of strains of E. acervulina 

dose: isolate A3 Original strain 

(oocysts mean mean 

per body mean no. oocysts body Mean no. oocysts 
bird) Weight lesion per g feces Weight lesion per g feces 
n = 10 (g) score (x103)* (g) score (x103)* 

103 428 1.0 480 425 0.9 150 
104 414 2.1 1400 426 2.2 1500 
105 391 2.9 2100 378 2.5 1300 
106 332 3.1 528 350 3.1 920 

*collected days 4 through 6. 

[0089] After passage 3, mean lesion scores Were loWer 
With oocysts of passage 3 than With oocysts of the original 
strain after dosages of 104 oocysts or more per bird. HoW 
ever, no clear differences in number of oocysts per gram 
feces Were observed compared to the original strain. The 
number of oocysts Was according to the inoculated dose in 
both cases. The number of oocysts in the feces of birds that 
received the higher dosages of the isolated strain indicates 
that these birds Were severely infected but that the lesion 
score did not increase With the inoculated dose. 

TABLE 2 

Pathogenicity after third passage. 

pathogenicity of strains of E. acervulina 

dose: mean mean 

(oocysts body mean no. oocysts body Mean no. oocysts 
per bird) Weight lesion per g feces Weight lesion per g feces 
n = 5 (g) score (x103)* (g) score (x103)* 

103 not 1.0 270 not 1.2 110 
done done 

104 not 1.6 710 not 2.6 1800 
done done 

105 not 1.0 510 not 3.2 650 
done done 

106 not 1.2 960 not 3.5 910 
done done 

*collected days 4 through 7. 

[0090] 2.3 Immunogenicity 

[0091] The immunogenicity of oocysts harvested after 
passage 3 Was determined. The results are summariZed in 
Table 3. In the group inoculated With 103 oocysts per bird 
feW lesions Were observed. Also oocysts Were found in the 
feces of this group. In groups inoculated With the higher 
dosages of the isolated strain, no lesions and no oocysts in 
the feces Were observed. All groups inoculated With dosages 
of 104 oocysts per bird of the isolated strain or above Were 
protected against re-inoculation With the original strain. 
These results should be compared With the control group 
(right-hand side) that Were re-inoculated With the original 
strain after surviving exposure from the original strain. 
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TABLE 3 

Immunogenicity after third passage. 

immunogenicity of strains of 

E. acervulina after re-inoculation 

dose: isolate A3C2A2 Original strain 

(oocysts mean mean no. oocysts mean Mean no. oocysts 

per bird) groWth lesion per g feces groWth lesion per g feces 

n = 5 (g)* score (x103)** (g)* score (x103)** 

103 356 0.25 260 304 0 169 

104 323 0 0 314 0 0 

105 335 0 0 342 0 0 

106 304 0 0 325 0 1 

*after re-inoculation; **collected days 4 through 6. 

[0092] 3. Discussion of Results 

[0093] After multiplication, oocysts in the feces of birds 
that received oocysts isolated after the ?rst passage from 
group A2 had shrunken and viability of these oocysts Was 
not clear. This may be due to the time that these oocysts had 
been exposed to the saturated salt solution during puri?ca 
tion. No deviations of the oocysts Were observed before 
multiplication. 

[0094] The ?rst passage of extra-intestinal oocysts of E. 
acervulina succeeded With group A3 but reproducibility and 
pathogenicity of the isolated oocysts Was not different from 
the original E. acervulina strain. 

[0095] The number of oocysts in the feces of birds that 
received the higher dosages of passage 3 of the isolated 
strain indicated that these birds Were severely infected. 
HoWever, the lesion score did not increase With the inocu 
lated dose. If the lesion score is a good parameter for 
pathogenicity of the strain, then the isolated strain A3C2A2 
is considerably less pathogenic than the original strain of E. 
acervulina. 

[0096] After re-inoculation With the original strain, birds 
inoculated With 103 oocysts of the isolated strain A3C2A2 
per bird shoWed feW lesions and oocysts Were found in the 
feces of this group. Birds inoculated With dosages of 104 
oocysts per bird of the isolated strain A3C2A2 or above Were 
protected against re-inoculation With the original strain. 

[0097] The folloWing tables A1 through A6 further quan 
tify the results of the experiments heretofore performed. 

[0098] 4. References 

[0099] 1. Johnson J K, Reid W M. “Anticoccidial drugs: 
Lesion scoring techniques in battery and ?oor pen 
experiments With chickens” Exp. Parasitol. 1970; 28: 
30-36. 
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TABLE A1 

Oocvst in feces of donor birds and birds inoculated With blood after passage 1. 

no. oocvsts per counting chamber in feces of indicated dav p.i. 

group day 3 day 4 day 5 day 6 

D 40 4O 40 330 330 330 250 250 250 50 5O 50 
A1 neg. neg. neg. 5 5 5 neg. neg. Pos. neg. neg. pos. 
A2 neg. neg. neg. pos. pos. pos. pos. pos. Pos. neg. neg. pos. 
A3 neg. neg. neg. pos. pos. pos. pos. pos. Pos. pos. pos. pos. 
B1 neg. neg. neg. neg. 1 1 neg. neg. Neg. neg. neg. neg. 
B2 neg. neg. neg. pos. pos. pos. neg. neg. Pos. neg. neg. neg. 
B3 neg. neg. neg. neg. neg. neg. neg. neg. Neg. neg. neg. neg. 

[0100] 

TABLEA2 

Oocvst in feces of donor birds and birds inoculated With blood after passage 2. 

no. oocvsts per counting chamber in feces of indicated dav p.i. 

group day 3 day 4 day 5 day 6 day 7 

D neg. pos. pos. pos. pos. pos. pos. pos. pos. Pos. pos. pos. pos. pos. pos. 
A neg. neg. neg. neg. neg. neg. neg. neg. pos. Neg. neg. neg. neg. neg. neg. 
B neg. neg. neg. neg. neg. neg. neg. neg. neg. Neg. neg. neg. neg. neg. neg. 
C neg. neg. neg. neg. neg. neg. neg. neg. pos. Neg. neg. pos. neg. neg. neg. 

[0101] 

TABLE A3 

Oocvst in feces of donor birds and birds inoculated With blood after passage 3. 

no. oocvsts per counting chamber in feces of indicated dav p.i. 

group day 3 day 4 day 5 Day 6 day 7 

D not pos. pos. pos. pos. pos. pos. Pos. Pos. pos. pos. pos. pos. 
done 

A not neg. neg. neg. neg. neg. pos. Neg. Neg. neg. neg. neg. neg. 
done 

B not neg. neg. pos. neg. neg. neg. Neg. Neg. neg. neg. neg. neg. 
done 

C not neg. neg. neg. neg. neg. neg. Neg. Neg. neg. neg. neg. neg. 
done 

[0102] 
TABLE A4-c0ntinued 

TABLE A4 
Individual results on determination of 

Individual results on determination of atho emclt after the ?rst assa 6' 

pathogenicity after the ?rst passage. _ _ _ _ 
pathogenicitv of strains of E. acervulma 

pathogenicity of strains of E. acervulma isolated from group A3 Original Strain 

isolated from group A3 Original strain Group/ lesion lesion 

bird body Weight (g) score body Weight (g) score 
Group/ lesion lesion 
bird body Weight (g) score body Weight (g) score 3 424 1 416 1 

4 424 1 411 1 
1O3 5 450 1 463 1 

6 441 1 451 O 
1 429 1 432 1 7 393 1 385 1 
2 413 1 417 1 8 432 1 416 1 
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TABLE A4-c0ntinued TABLE AS-continued 

Individual results on determination of Individual results on determination of 
pathogenicity after the ?rst passage. pathogenicity after the third passage. 

pathogenicity of strains of E. acervulina pathogenicity of strains of E. acervulina 

isolated from group A3 Original strain isolate A3C2A2 Origin-a1 Strain 

Gr9uP/ _ lesion _ lesion group/ lesion lesion 
bird body Weight (g) score body Weight (g) score bird body Weight (g) Score body Weight (g) Score 

9 4? 1 457 1 3 1.00 2.00 
104 10 4 O 1 406 4 2.00 2.00 

5 1.00 2.00 
105 1 426 2 424 1 

2 448 2 453 2 
3 442 2 441 2 1 not done 1.00 not done 4.00 

4 42s 2 413 2 2 1-00 3-00 
5 456 3 434 3 3 1-00 4-00 
6 395 3 437 1 4 1.00 3.00 
7 364 2 407 2 5 1.00 2.00 
8 360 1 436 3 106 
9 409 2 356 3 

10 408 2 461 3 1 not done 1.00 not done 4.00 
105 2 1.00 4.00 

3 1.00 3.00 

i 3;; i 33; i 4 2.00 3.00 
3 389 3 432 2 5 1.00 not done 

4 419 3 393 3 
5 410 2 390 2 
6 328 3 333 3 

7 438 3 379 3 8 354 3 308 3 

9 439 4 392 3 TABLE A6 
10 352 3 378 2 

106 Individual results on determination of 
irnrnunogenicity after the third passage. 

1 333 3 420 3 

2 348 2 345 3 irnrnunogenicitv of strains of E. acervulina 
3 323 3 338 3 

4 351 3 336 3 isolate A3C2A2 Original strain 
5 355 4 394 3 
6 282 3 312 3 body Weight (g) Body Weight (g) 
7 354 4 271 4 

8 346 3 412 3 before before 
9 293 3 349 3 Group/ reinocu- 6 days post lesion reinocu- 6 days post lesion 

10 332 3 326 3 bird lation reinoculation score lation reinoculation score 

103 

1 594 912 0.00 644 953 0.00 
2 620 1030 0.00 547 832 0.00 

TABLE A5 3 674 991 1.00 592 847 0.00 
4 653 1031 0.00 635 970 0.00 

Individual results on determination of 5 not done not done not 533 870 O-OO 

pathogenicity after the third passage. 104 done 

pathogenicity of strains of E. acervulina 
1 503 839 0.00 555 871 0.00 

isolate A3C2A2 Original strain 2 609 953 O-OO 610 969 O-OO 
3 551 859 0.00 579 852 0.00 

group/ lesion lesion 4 513 798 0.00 624 942 0.00 
bird body Weight (g) score body Weight (g) score 105 5 550 890 O-OO 480 782 O-OO 

103 
— 1 588 1013 0.00 580 951 0.00 

1 not done 1.00 not done 1.00 2 548 919 0.00 584 953 0.00 
2 1.00 1.00 3 420 696 0.00 557 903 0.00 
3 1.00 2.00 4 403 670 0.00 539 884 0.00 
4 1.00 1.00 5 560 897 0.00 498 778 0.00 
5 1.00 1.00 106 

104 
1 482 791 0.00 568 928 0.00 

1 not done 2.00 not done 4.00 2 470 789 0.00 512 856 0.00 
2 2.00 3.00 3 495 819 0.00 552 858 0.00 
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TABLE A6-continued 

Individual results on determination of 
immunogenicity after the third passage. 

immunogenicitv of strains of E. acervulina 

isolate A3C2A2 Original strain 

body weight (g) Bodv Weight (g) 

before before 
Group/ reinocu- 6 days post lesion reinocu- 6 days post lesion 
bird lation reinoculation score lation reinoculation score 

4 498 719 0.00 440 709 0.00 
5 471 818 0.00 485 803 0.00 

[0105] While the invention has been described in each of 
its various embodiments, it is Within the scope thereof that 
certain modi?cations may be undertaken by the person 
skilled in the art Without departing from the invention’s true 
spirit and scope. 

What is claimed is: 
1. An isolated strain useful for generating immunogenic 

oocysts for a vaccine against Coccidiosis. 
2. An isolated strain useful for generating immunogenic 

oocysts for a vaccine against Coccidiosis, said strain being 
identi?ed as A3C2A2. 

3. A vaccine effective against Coccidiosis, comprising at 
least about 104 oocysts of attenuated Eimeria per dose, 
together With a pharmaceutically acceptable carrier. 

4. The vaccine of claim 3, Wherein said oocysts are 
extra-intestinal oocysts. 

5. The vaccine of claim 4, Wherein said oocysts are 
generated from the species Eimeria acervulina. 

6. The vaccine of claim 5, further comprising an adjuvant. 
7. The vaccine of claim 4, Wherein said vaccine comprises 

at least about 105 oocysts. 
8. The vaccine of claim 7, Wherein said oocysts are 

generated from the strain identi?ed as A3C2A2. 
9. A method of inoculating poultry against Coccidiosis, 

Which comprises administering to said poultry at least about 
104 oocysts from attenuated Eimeria acervulina. 

10. The method of claim 9, Wherein said oocysts are 
sporulated. 

11. A method for obtaining an immunogenic strain useful 
for producing a vaccine against Coccidiosis, Which com 
prises the cycle of: 

a) infecting at least one ?rst speci?c pathogen-free donor 
bird With oocysts of an Eimeria species; 

b) collecting blood from said donor bird; 

c) infecting at least one second speci?c pathogen-free bird 
With said blood; 

d) collecting oocysts from said second bird; and 

e) multiplicating said oocysts to thereby substantially 
complete said cycle; 

and then repeating said cycle using said multiplicated 
oocysts from part e), Wherein at least about three cycles 
of said method are completed. 
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12. The method of claim 11, further comprising isolating 
said immunogenic strain. 

13. The method of claim 12, further comprising generat 
ing oocysts from said immunogenic strain. 

14. The method of claim 13, further comprising formu 
lating a vaccine from said generated oocysts. 

15. The method of claim 14, Wherein said vaccine is 
formulated using at least about 104 oocysts. 

16. The method of claim 11, Wherein said repeating 
comprises infecting said poultry With at least about tWice the 
number of oocysts. 

17. The method of claim 11, Which comprises carrying out 
a total of three cycles. 

18. The method of claim 12, Wherein said immunogenic 
strain is identi?ed as having accession number 02010911 
deposited With the European Collection of Cell Cultures. 

19. The method of claim 11, Wherein said infecting of said 
?rst donor bird comprises administering about 1><106 to 
about 3><108 of said oocysts. 

20. The method of claim 19, Wherein said infecting 
comprises administering about 1><107 oocysts. 

21. The method of claim 20, Wherein said repeating 
comprises administering about 2><107 oocysts in part a). 

22. The method of claim 15, Which comprises formulating 
said vaccine using at least about 105 oocysts. 

23. The method of claim 11, further comprising sporu 
lating said oocysts prior to administration to said bird. 

24. The method of claim 11, Wherein said Eimeria species 
is E. acervulina. 

25. A method for attenuating one or more strains of 
Eimeria, Which comprises successively passaging said strain 
through at least three sets of speci?c pathogen-free poultry, 
Wherein each said passaging comprises at least tWo succes 
sive sets of inoculations. 

26. A method for attenuating Eimeria acervulina, Which 
comprises the cycle of: 

a) inoculating at least one ?rst group of speci?c pathogen 
free donor birds With oocysts generated from virulent 
E. acervulina; 

b) collecting blood from said group of donor birds via 
bleeding at about 3 to about 6 hours post-inoculation; 

c) inoculating at least one second group of speci?c 
pathogen-free donor birds With said blood; 

d) collecting oocysts from said second group of birds; and 

e) multiplicating said oocysts to thereby substantially 
complete said cycle; and 

then repeating said cycle using said multiplicated oocysts 
from sub-procedure e), Wherein about three cycles are 
completed. 

27. Oocysts derived from Eimeria acervulina, said E. 
acervulina being attenuated by about three cycles of pas 
saging through speci?c pathogen-free poultry. 

28. A strain of Eimeria having the immunogenic charac 
teristics of the strain E. acervulina deposited With the 
European Collection of Cell Cultures under accession num 
ber 02010911. 
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29. A vaccine, said vaccine having the immunogenic 30. The vaccine of claim 29, Wherein said vaccine con 
response Properties of a Vaccine against Coccidiosis Which tains one or more adjuvants in a pharmaceutically acceptable 
contains an immunogeniZing amount of oocysts obtained 
from the strain of E. acervulina deposited With the European 
Collection of Cell Cultures under accession number 
02010911. * * * * * 

carrier. 


